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Open access under the ElsThis study aimed to evaluate the in vitro effect of the entomopathogenic fungi Metarhizium anisopliae
sensu lato (s.l.) and Beauveria bassiana sensu lato (s.l.) on two distinct populations of Rhipicephalus
microplus, from two different experimental farms. Bioassays were performed with engorged females, eggs
and larvae. Fungal infection was evaluated based on biological parameters of treated engorged females,
percentage of hatch from treated eggs, and percentage of mortality and mean lethal time (LT90) of trea-
ted larvae. When the treatments were compared between the two populations, there were signiﬁcant dif-
ferences in the following parameters: pre-oviposition period, hatching period and egg production index.
Moreover, the results showed that B. bassiana s.l., isolate Bb 986, was more virulent thanM. anisopliae s.l.,
isolate 959, for engorged females, showing a control percentage of 49%. In the bioassay with eggs, the
hatching percentage ranged from 3.1% to 49.5% in one population and from 3.4% to 42.7% in the other,
with no signiﬁcant difference between the two populations. In the bioassay with unfed larvae, the mor-
tality percentage ranged from 91.8% to 98.7% in one population and from 71.0% to 94.0% in the other. The
LT90 varied from 19.52 to 27.51 days in one of the populations and 22.89 to 37.31 days in the other. These
results suggest that populations of R. microplus show distinct variation in their susceptibility to B. bassi-
ana s.l. and M. anisopliae s.l.
 2011 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction to fungi may vary also according to the tick origin (FernandesTicks are parasites of many mammal species, including hu-
mans. They cause considerable economic losses, especially to
the Brazilian beef and dairy cattle industry. Economic damages
caused by the main cattle ectoparasites in Brazil are estimated
at 2.65 billion dollars annually, and those caused by the cattle
tick Rhipicephalus microplus are around 2 billion dollars a year
(Grisi et al., 2002).
The methods to control R.microplus are mainly based on the use
of chemical products. The incorrect use of these products causes
the development of tick resistance and contamination of the envi-
ronment and food with residues. Therefore, the exclusive use of
acaricides is less practical and economical, and the search for alter-
native control methods is necessary. Thus, microbial control has
been increasing, and the use of fungi has been one of the more
attractive approaches for biological control of these arthropods,
since most of these entomopathogens are highly specialized in pe-
netrating the tegument (Alves, 1998).
Among the fungi studied, Beauveria bassiana s.l. andMetarhizium
anisopliae s.l. have shown potential for controlling several tick spe-
cies in laboratorial conditions. Recent studies using these fungi,
however, have indicated that the susceptibility of tick populations465, Km7, Seropédica, Rio de
.
urt).
evier OA license.et al., 2011).
Initially, differences in susceptibility among population of in-
sects to entomopathogens had been reported only on studies
exposing insects to selection pressure in the laboratory (Burges,
1971). McGaughey (1985), however, demonstrated for the ﬁrst
time, that the resistance of insects to pathogens may occur also
in the ﬁeld, when compared the susceptibility of populations of
Plodia interpunctella to Bacillus thuringiensis. Further evidences of
resistance of insect pests to pathogens were detected to viruses
and bacteria. In Brazil, the control program of Anticarsia gemmatalis
with Baculovirus anticarsi in soybean crops detected populations of
this caterpillar with varied levels of susceptibility to the virus
strain tested (Moscardini, 1993).
Studies on detecting the susceptibility of tick populations to
fungal treatments are limited. Therefore, the present study investi-
gates the in vitro effects of M. anisopliae s.l., isolate Ma 959, and
B. bassiana s.l., isolate Bb 986, on eggs, larvae and engorged females
of R. microplus obtained from two distinct livestock properties.
Environmental conditions were controlled under laboratory condi-
tions, and variation on results was accredited as caused by the
susceptibility between tick populations.
2. Material and methods
R. microplus engorged females, from two experimental farms,
were collected on the ﬂoor of pens, where naturally infested calves
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agricultural research agency (PESAGRO-RJ), and the other is oper-
ated by the Zootechnical Institute (FAIZ) of Rio de Janeiro Federal
Rural University (UFRRJ), both located in the municipality of
Seropédica, Rio de Janeiro state, Brazil, between the parallel
22490 and 22450 of South latitude, and between 43380 and
43420 West at the Greenwich meridian, altitude of 33 m and sub-
tropical climate. The farms are located approximately 7 km from
each other. It is important to note that the farms belong to Re-
search Institutes; and, for this reason, both farms keep their cattle
with no exchange of animals between them to avoid the entrance
of sick animals (personal communication).These females were ta-
ken to the laboratory and washed in a 1% sodium hypochlorite
solution for cuticle asepsis, after which they were rinsed in sterile
distilled water and dried with sterile paper towels.
After asepsis, some engorged females were treated with fungus
while the others were kept in Petri dishes (100  15 mm, Fisher-
brand) at 27 ± 1 C and RHP 80% for oviposition. The eggs ob-
tained from the group of non-treated engorged females were
used in different bioassays, as described below.
The M. anisopliae s.l. and B. bassiana s.l. isolates (Ma 959 and Bb
986, respectively) were obtained from the ESALQ Entomology
Department, located in Jaboticabal, São Paulo State, Brazil. The fun-
gal isolates were cultivated on potato dextrose agar medium
(Merk) at 25 ± 1 C and RHP 80% for 15 days.
For preparation of suspensions, conidia were harvested from
the medium surface and suspended in distilled water containing
0.1% Tween 80 (v:v) (Luz et al., 1998). The conidial concentration
was calculated using a hemacytometer (Alves, 1998). The suspen-
sions were then adjusted to 108 conidia ml1. The conidial suspen-
sions at 107 were prepared by dilution from the 108 conidia ml1
suspensions. An aliquot from the 107 conidia ml1 suspensions
was placed on PDA medium plus 0.05% chloramphenicol to evalu-
ate the conidial viability. Germinated and non-germinated conidia
were counted (at least 300) 24 h after inoculation and relative ger-
mination was then calculated. The bioassay with engorged females
was composed of groups of ten ticks with similar weight, following
the Yule formula (Sampaio, 2002). The engorged females were im-
mersed in one milliliter of fungal suspension for three minutes. In
the control group, the engorged females were immersed in sterile
distilled water plus 0.1% Tween 80.
After treatment, the engorged females were labeled, placed in
Petri dishes and kept at 27 ± 1 C and RHP 80% for evaluation of
oviposition and hatching. The following biological parameters
were investigated: initial female weight, pre-oviposition period,
oviposition period, egg incubation period, hatching period, hatch-
ing percentage and weight of each dead engorged female. These
parameters were used to calculate the egg production index (EPI)
and nutrient index (NI), according to Bennet (1974) and the esti-
mated reproduction (ER) according to Drummond et al. (1971),
to obtain the control percentage of M. anisopliae s.l. and B. bassiana
s.l.
The bioassay with eggs and larvae of R. microplus used eggs laid
from non-infected engorged females, from the ﬁrst to the tenth day
of oviposition. The eggs were divided into 50 mg aliquots and
placed in test tubes (Pyrex, Corning, NY) with 16  125 mm.
The bioassay was composed of four treatment groups (two concen-
trations for each fungus) and one control group. Each group had
ten test tubes with 50 mg of eggs. The eggs were immersed in
1 ml of the conidial suspension or control solution following the
same methodology applied to treat the engorged females. After
three minutes, the suspension was discarded and the test tube
was sealed with a cotton plug.
The tubes were then maintained at 27 ± 1 C and RHP 80%. The
hatching percentage was visually estimated daily. In addition, test
tubes with 50 mg of eggs were not treated but incubated (27 ± 1 Cand RHP 80%) until complete larval hatching. After total hatching,
R. microplus larvae were treated following the same protocol used
with the bioassay with eggs. The bioassay was composed of ten
test tubes per group, and each tube had approximately 1000 larvae
(50 mg eggs). The larval mortality percentage was visually esti-
mated at 5 day intervals for 30 days.
Each bioassay was repeated once on a different day, and the re-
sults reported are averages of both repetitions. The two popula-
tions were exposed to the same fungal treatments at the same
time. During the experiment, a sample of 100 engorged females
of R. microplus from each farm was collected and sent to Embrapa
(Gado de Leite, MG) to test the susceptibility of the ticks to chem-
ical acaricides (Cypermethrin + Chlorpyrifos; Fipronil; Amit-
raz + Chlorpyrifos; Supona).
The obtained data were statistically analyzed. Each biological
parameter was compared between ticks from the two populations
exposed to fungal treatment. The parametric data (initial female
weight, pre-oviposition period, oviposition period, egg incubation
period, hatching period and weight of each dead engorged female)
were analyzed using analysis of variance followed by the Student-
Newman–Keuls (SNK), with 5% signiﬁcance (p 6 0.05%). The non
parametric data (hatching percentage, EPI and NI) were analyzed
using Kruskal–Wallis, followed by Student’s t-test with 5% signiﬁ-
cance (p 6 0.05%) (Sampaio, 2002). The lethal concentrations, LC50
and LC90, were calculated according to Finney (1971) by the probit
method using the Polo software (Leora Software, 1987).3. Results and discussion
M. anisopliae s.l. and B. bassiana s.l. conidia had approximately
100% viability 24 h after inoculation on culture medium, demon-
strating that the fungi were able to be used. In addition, the ticks
in the control group (treated with distilled water plus Tween 80,
0.01%) presented biological parameters that, according to Glória
et al. (1993), were expected under the conditions of temperature
and relative humidity studied. These results conﬁrm that altera-
tions on the biological parameters of ticks were due to the fungal
infection.
Both isolates were able to modify the biological parameters of
the female ticks, as presented in Tables A1 and A2. When the
fungal isolates were compared, the Bb 986 was able to alter more
biological parameters of engorged females than the isolate Ma 959,
in both tick populations tested. Also, biological parameters of
R. microplus engorged females from FAIZ were more intensively
altered by fungal infection than the parameters from ticks from
the PESAGRO-RJ farm. Signiﬁcant reduction was observed in the
following parameters: pre-oviposition period (p < 0.01), hatching
period (p < 0.05) and EPI (p < 0.01). Once the experimental condi-
tions and the fungal treatments were the same applied to ticks
from both populations, and because the tick origin was the most
important variable in the current study, the results indicate the dif-
ference in susceptibility between the tick populations. The control
percentage ranged from 11.5% to 42.5% with ticks from PESAGRO-
RJ, and 10–49% with ticks from FAIZ. These values are considered
satisfactory, since the purpose of the biological control is not to
exterminate ticks, but to decrease their population to levels not
able to cause economic losses. Conversely, Bittencourt et al.
(1992) obtained a control percentage of 96.6% using the same M.
anisopliae s.l. isolate. The difference observed on the studies con-
ducted by Bittencourt et al. (1992) and the current study could
be explained by the susceptibilities of the tick populations investi-
gated, and the intrinsic fungal characteristics.
Eggs of R. microplus treated with B. bassiana s.l. or M. anisopliae
s.l., isolates Bb 986 and Ma 959, at 108 conidia ml1, had reduced
percent hatch 70.0% and 57.3% for those eggs from PESAGRO-RJ,
Table A1
Mean ± SD of initial weight of engorged females (F.W.); pre-oviposition period (P.O.P.); oviposition weight (O.W.); oviposition period (O.P.); incubation period (I.P.); hatching
period (H.P); larval hatchability (% L.H.); residual female weight (R.F.W.); nutrient index (N.I.) and egg production index (E.P.I.) of engorged female of Rhipicephalus microplus from
PESAGRO-RJ, treatment with Metarhizium anisopliae isolate (Ma 959) and Beauveria bassiana isolate (Bb 986).*
Control Ma 107 con/ml Ma 108 con/ml Bb 107 con/ml Bb 108 con/ml
F.W. (g) 0.243 ± 0.02 a 0.247 ± 0.02 a 0.240 ± 0.02 a 0.242 ± 0.02 a 0.240 ± 0.02 a
P.O.P. (days) 3.8 ± 0.42 a 3.5 ± 0.52 a 3.9 ± 0.31 a 3.6 ± 0.42 a 3.5 ± 0.42 a
O.W. (g) 0.162 ± 0.05 a 0.169 ± 0.07 a 0.134 ± 0.02 b 0.114 ± 0.04 b 0.104 ± 0.02 bc
O.P. (days) 17.1 ± 1.52 a 17.2 ± 1.68 a 13.0 ± 1.56 b 12.6 ± 5.79 b 9.8 ± 2.48 bc
I.P. (days) 23.8 ± 0.42 a 23.5 ± 0.52 a 23.9 ± 0.31 a 23.8 ± 0.42 a 23.8 ± 0.42 a
H.P. (days) 8.0 ± 1.05 a 7.8 ± 1.03 a 8.4 ± 0.96 a 8.2 ± 1.03 a 9.0 ± 0.00 a
% L.H. 97.8 ± 1.61 a 82.9 ± 18.44 b 81.8 ± 27.47 b 79.8 ± 16.24 b 89.8 ± 7.17 b
R.F.W. (g) 0.051 ± 0.01 a 0.044 ± 0.01 a 0.052 ± 0.01 a 0.059 ± 0.01 a 0.054 ± 0.02 a
N.I. (%) 83.4 ± 18.84 a 82.5 ± 32.35 a 71.2 ± 6.92 b 61.1 ± 20.25 b 56.2 ± 12.69 bc
E.P.I. (%) 65.9 ± 15.57 a 67.5 ± 26.87 a 55.5 ± 4.21 b 46.4 ± 16.61 b 43.8 ± 10.43 b
* Means followed by the same letter in the same line do not differ statistically (p 6 0.05).
Table A2
Mean ± SD of initial female weight (F.W.); pre-oviposition period (P.O.P.); oviposition weight (O.W.); oviposition period (O.P.); incubation period (I.P.); hatching period (H.P.);
larval hatchability (% L.H.); residual female weight (R.F.W.); nutrient index (N.I.) and egg production index (E.P.I.) of engorged females of Rhipicephalus microplus from FAIZ,
treatment with Metarhizium anisopliae isolate (Ma 959) and Beauveria bassiana isolate (Bb 986).*
Control Ma 107 con/ml Ma 108 con/ml Bb 107 con/ml Bb 108 con/ml
F.W. (g) 0.217 ± 0.02 a 0.239 ± 0.02 a 0.239 ± 0.02 a 0.239 ± 0.02 a 0.240 ± 0.02 a
P.O.P. (days) 3.3 ± 0.48 a 3.5 ± 0.52 a 3.2 ± 0.42 a 3.6 ± 0.51 a 3.3 ± 0.48 a
O.W. (g) 0.141 ± 0.02 a 0.132 ± 0.02 a 0.128 ± 0.03 a 0.115 ± 0.05 ab 0.088 ± 0.04 b
O.P. (days) 19.7 ± 0.48 a 15.4 ± 3.10 b 14.8 ± 3.39 b 12.7 ± 5.16 b 9.5 ± 2.68 bc
I.P. (days) 23.3 ± 0.48 a 23.5 ± 0.53 a 23.2 ± 0.42 a 23.6 ± 0.52 a 23.3 ± 0.48 a
H.P. (days) 8.0 ± 1.05 a 8.4 ± 0.97 a 8.6 ± 0.84 a 7.6 ± 0.97 a 7.2 ± 0.63 a
% L.H. 95.3 ± 3.97 a 94.1 ± 4.33 a 82.5 ± 23.12 ab 84.7 ± 20.76 a 72.0 ± 25.95 bc
R.F.W. (g) 0.054 ± 0.02 a 0.040 ± 0.01 a 0.047 ± 0.01 a 0.059 ± 0.01 a 0.059 ± 0.02 a
N.I. (%) 78.3 ± 7.61 a 66.9 ± 7.89 b 66.4 ± 11.04 b 64.4 ± 28.04 b 47.0 ± 17.62 bc
E.P.I. (%) 60.0 ± 4.69 a 55.3 ± 4.52 a 53.2 ± 9.17 a 48.5 ± 21.32 b 36.8 ± 15.79 b
* Means followed by the same letter in the same line do not differ statistically (p 6 0.05).
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not differ signiﬁcantly between the two farms for each fungal con-
centration of each isolate.
In the current study, the bioassay with unfed R. microplus larvae
produced the most remarkable results of the current study, since
the fungal isolates caused high mortality. B. bassiana s.l., isolate
Bb 986, was less effective than M. anisopliae s.l. to combat unfed
R. microplus larvae. The two populations were sensitive to the
two fungal isolates studied; however, the tick population from
FAIZ presented a higher percentage of larval mortality than the
population from PESAGRO-RJ. Thirty days after treatment, the lar-
val mortality was signiﬁcantly higher when ticks were obtained
from the FAIZ farm, in all fungal treatment groups, except for iso-
late Bb 986 at 107 conidia ml1.
There was a signiﬁcant difference between populations for the
mean lethal time, LT90. The tick population from PESAGRO-RJ pre-
sented a LT90 from 22.89 to 37.31 days, while the population from
FAIZ produced a LT90 from 19.52 to 27.51 days. The results found
for unfed R. microplus larvae in the current study are similar to
those reported on previous studies (Bittencourt et al., 1996; Bah-
iense et al., 2003), although the time necessary to obtain high per-
cent mortalities was higher. After 30 days of treatment, B. bassiana
s.l. at 108 conidia ml1 caused 71.0% of mortality of larvae from
PESAGRO-RJ, while M. anisopliae s.l. at 107 conidia ml1 promoted
98.7% of mortality of larvae from FAIZ. Bittencourt et al. (1996)
investigated the in vitro pathogenicity of B. bassiana s.l., isolates
Bb 986 and Bb 747, on unfed R. microplus larvae and observed mor-
tality between 18.8% and 88% for the groups treated with different
fungal concentrations, while it ranged from 13% to 16.5% in the
control groups. Bahiense et al. (2003) also obtained satisfactory re-
sults when tested B. bassiana s.l., isolate Bb LCM 01, on unfed R.
microplus larvae. The mortalities observed were 6%, 14%, 27%,55% and 93% with 105, 106, 107, 108 and 109 conidia ml1. Both Bit-
tencourt et al. (1996) and Bahiense et al. (2003) observed similar
mortality to the present study, however, their results were ob-
tained 10 days after treatment.
The different results observed in bioassays with the same fungal
isolates and tick species by several similar studies (Bittencourt et al.,
1992; Bittencourt et al., 1996; Bahiense et al., 2003) may be related
to the reductionof fungal virulence in vitroandalso thedifferent sus-
ceptibility of tick populations to entomopathogens.
Varied levels of susceptibility to fungal infection have been re-
ported on arthropods other than ticks. Devi et al. (2008), investi-
gated the speciﬁcity of B. bassiana s.l. to many insect species:
Bombyx mori (Lepidoptera), Spodoptera litura (Lepidoptera), Chilo
partellus (Lepidoptera), Helicoverpa armigera (Lepidoptera), Epi-
lachna vigintioctopunctata (Coleoptera), Mylabris pustulata (Coleop-
tera), Aphis craccivora (Homoptera), Maconellicoccus hirsutus
(Hemiptera) and Oecophylla smaragdina (Hymenoptera). This study
investigated also the susceptibility of different populations of the
same insect species to B. bassiana s.l., and the results indicated
higher susceptibility among populations of insect of the same spe-
cies than among different species of insects (Devi et al., 2008). Sim-
ilar results were reported by Moscardini (1993), when the effect of
B. anticarsi on A. gemmatalis was investigated.
In consideration to the difference in susceptibility of tick popu-
lations to fungi, Fernandes et al. (2011) studied the virulence of 60
B. bassiana s.l. isolates on R. microplus and observed a delay in lar-
val mortality when comparing the two bioassays conducted with
the same fungal isolates, but not with larvae from the same origin.
This study hypothesized differences in susceptibility between dif-
ferent populations of R. microplus treated with fungi. In the current
study, the susceptibility of ticks to M. anisopliae s.l. or B. bassiana
s.l. differed between the two populations in bioassays conducted
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ever, had more expressive results than the bioassays with en-
gorged females; larva from FAIZ farm reached 90% mortality
10 days earlier than larva from PESAGRO-RJ farm.
The differences observed between the two populations may be
related to genetic and physiological characteristics of certain
strains. According to Polar et al. (2005), ticks may be physically
and structurally tolerant to infection by entomopathogenic fungi,
since high conidia concentration is necessary, in in vitro tests, to
caused high mortality of ticks. This assertion is supported by the
fact that there are no reports of epizootics occurring naturally in
ticks. However, the possibility of a previous contact of these strains
with entomopathogenic fungi cannot be discarded, since these fun-
gi can be present in the soil.
A test of sensitivity to chemical acaricideswas performedwith the
same tick populations. The results also showed differences in suscep-
tibility between the two populations to different chemicals. Ticks
from the FAIZ were more sensitive to Fipronil than Supona, while
the opposite was observed for the PESAGRO ticks population; for
the other products, therewas no difference in susceptibility between
populations. These ﬁndings suggest that different populations might
respond differently to either chemical or biological treatment.
When a tick population is resistant to chemical acaricides, it is
inappropriate to neglect the possible interference of tick resistance
mechanisms in the performance of entomopathogenic fungi. These
speculations are also based on previous studies, such as Bahiense
et al. (2008), who evaluated the effect of M. anisopliae s.l., isolate
Ma 959, to a R. microplus strain resistant to pyrethroids in a stall
test and observed that this population was less sensitive to fungal
treatments. They further noted that the mean tick mortality during
the entire trial was 32.57% in the fungal treatment with 108 conidia
ml1. Conversely, Castro et al. (1997) reported mean tick mortality
of 54.8% during the entire trial, also in a stall test using the same
fungal isolate of M. anisopliae s.l. at 108 conidia ml1.
The genotypic characteristics of ticks are important factors to ex-
plain the difference between populations. Passos et al. (1999) stud-
ied thegenetic variabilityof cattle ticks fromsoutheasternBrazil and
suggested that there is a complex genotypic diversity in endemic
areas of R. microplus populations. Similar observations were re-
portedby Labruna et al. (2009)with tick populations fromtheAmer-
ican, Asian and African continents. They observed genetic and
reproductive differences among R. microplus populations. Although
there is no information about the genetic characteristics of the R.
micropluspopulations analyzed in thepresent study, thegenetic var-
iationamong ticks’ populationsmaybeoneof the reasons for thedif-
ferent levels of susceptibility of entomopathogenic fungi strains.4. Conclusions
Different populations of R. microplus can have different levels of
susceptibility to B. bassiana s.l. or M. anisopliae s.l. Therefore, not
only the genetic and physiologic aspects of the fungi, but also the
tick population’s susceptibility affect the efﬁcacy of biological con-
trol. There were difference in the susceptibility of different R.
microplus populations challenged with M. anisopliae s.l., isolate
959, or B. bassiana s.l., isolate 986, not only related to the conidial
concentration necessary for tick control, but also related to the
time of survival. Based on these ﬁndings, tests of promising fungal
isolates may be conducted with several populations of the same
arthropod species before the fungal isolate be discarded or recom-
mended as a biological control agent.Acknowledgments
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